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Abstract 
The superconducting property of Zr55Cu(30-X)Al10Ni5NbX alloys prepared by arc melting and liquid quenching methods was 
investigated by magnetic susceptibility measurements. The crystalline alloys with X = 0~25 at.% prepared by arc melting method 
exhibited superconductivity with maximum Tc,on of 10.1 K. The alloys (X = 10~23 at.%) with crystalline particles embedded in an 
amorphous structure, which were fabricated by melt spinning method, showed superconductivity with Tc,on of less than 4.0 K. The 
superconducting property of the Zr-Cu-Al-Ni-Nb alloys was attributed to superconducting phases of Zr2Cu, Zr2Ni, Zr65Al10Nb25 
and Zr-Nb contained in the Zr-Cu-Al-Ni-Nb alloys. The melt-spun Zr55Cu(30-X)Al10Ni5NbX (X = 10~20 at.%) alloys exhibited glass 
transition at 718~743 K and were found to be superconducting metallic glasses. 
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1.  Introduction 
The superconducting nanocrystalline alloys have attraction for superconducting materials with high strength and 
toughness. However, there are a few techniques for the fabrication of bulk nanocrystalline alloys with the good 
mechanical properties. Bulk amorphous alloys called bulk metallic glasses with high glass-forming ability (GFA) have 
been discovered since 1988 [1-5]. Metallic glasses are new amorphous alloys which exhibits a glass transition before 
crystallization temperature (Tx). The metallic glasses have attracted increasing interest as a precursor to produce 
nanocrystalline alloys containing a remaining amorphous phase by partial crystallization or consisting of a 
nanocrystalline single phase by full crystallization. Recently, superconducting metallic glasses have been reported for 
Zr-based alloys [6,7]. The Zr55Cu(30-x)Al10Ni5Nbx (x = 1~5 at.%) bulk metallic glasses with superconducting 
nanocrystal particles embedded in amorphous matrix have been reported to show superconductivity of Tc = 2.3~2.9 K 
for electrical measurements [6]. The superconducting Zr-Cu-Al-Ni-Nb bulk metallic glass is useful for a precursor to 
obtain superconducting bulk nanocrystalline alloy.  
In this study, the superconducting property of Zr-Cu-Al-Ni-Nb alloys fabricated by liquid quench method has been 
compared with that of the crystalline alloys prepared by arc melting method. The superconducting property of 
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Zr55Cu(30-X)Al10Ni5NbX alloys was investigated by magnetic susceptibility measurements.  
 
2. Experimental Procedures 
Zr65AlXNb(35-X) (x = 0~10 at.%) and Zr55Cu(30-X)Al10Ni5NbX (x = 0~25 at.%) bulk alloys, and Zr55Cu(30-X)Al10Ni5NbX 
(x = 10~23 at.%) ribbon alloys were used in the present study. The Zr65AlXNb(35-X) and Zr55Cu(30-X)Al10Ni5NbX alloy 
ingots for the bulk or ribbon alloys were prepared by arc melting a mixture of pure Zr, Cu, Al and Nb metals in an 
argon atmosphere. The homogenization of metallographic structure for the Zr65AlXNb(35-X) and Zr55Cu(30-X)Al10Ni5NbX 
bulk crystalline alloys  prepared by arc melting method were performed at 773 K for 3~20 hours. On the other hand, 
the Zr55Cu(30-X)Al10Ni5NbX (x = 10~23 at.%) alloys with a ribbon shape were fabricated from arc-melted ingots by 
rapid solidification using a single-roller melt spinning method in an argon atmosphere. The structure of the alloys was 
examined by X-ray diffraction with Cu-KD radiation and high-resolution transmission electron microscopy (HRTEM). 
The thermal stability associated with glass transition, supercooled liquid region and crystallization of the ribbon 
samples was examined using a differential scanning calorimeter (DSC) under a flowing argon gas atmosphere with a 
heating rate of 0.67 K/s. The dc susceptibility of the samples was measured using a superconducting quantum 
interference device (SQUID) magnetometer. The SQUID measurements were performed with increasing temperature 
in an external field of 100 Oe for the bulk samples or 50 Oe for the ribbon samples after cooling in zero field cooling 
(ZFC). The bulk samples with a shape of about 4.0 mm diameter and about 0.5 mm thickness and the samples with a 
ribbon shape of about 1mm width and about 20 Pm thickness were used for the SQUID measurements. 
3. Results and discussion 
The structure of Zr65AlXNb(35-X) (X = 0~10 at.%) alloys prepared by arc melting and homogenization of annealing 
were investigated by X-ray diffraction (XRD). The XRD patterns showed the diffraction peaks indicating a single 
phase for the Zr65AlXNb(35-X) alloys and a solid solution of Al element into the crystal structure of Zr65Nb35 for the 
alloys with X =5 and 10 at.%. Fig. 1 shows the temperature dependence of the magnetic susceptibility for the 
Zr65AlXNb(35-X) alloys. The onset critical temperature (Tc,on) of the alloys was 7.7~9.4 K. The addition of Al to Zr 
Zr65Nb35 alloy resulted in the decrease of Tc,on. The Tc,on was 7.7 K for the Zr65Al10Nb25 alloy. A little of positively 
magnetic susceptibility below Tc,on was attributable to the geometry effect of sample. A Nb sample used for a standard 
superconductor also exhibited the positive value of magnetic susceptibility for ZFC. The superconducting volumes of 
the Zr65AlXNb(35-X) alloys were more than approximately 97 %.  
Fig. 2 shows the XRD of the arc-melted and melt-spun Zr55Cu(30-X)Al10Ni5NbX alloys. These results indicated that 
the crystalline bulk alloys (X = 10~25 at.%) consist of Zr2Cu, Zr2Ni, Zr-Nb and unknown phase. The XRD patterns for 
the melt-spun alloys (X = 10~20 at.%) showed broadened diffused-diffraction peaks indicating an amorphous structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                                              (b) 
Fig. 1. Temperature dependence of the magnetic susceptibility for the Zr65AlXNb(35-X) alloys. 
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   (a)                                                                                                     (b) 
Fig. 2. X-ray diffraction patterns of the Zr55Cu(30-X)Al10Ni5NbX alloys. (a) The bulk alloys (X = 0~25 at.%) prepared by arc melting method  and (b) 
the ribbon alloys (X = 10~23 at.%) fabricated by melt spinning method. 
 
 
 
 
 
 
 
 
(a)                                                                                                       (b) 
Fig. 3. Temperature dependence of the magnetic susceptibility for the Zr55Cu(30-X)Al10Ni5NbX bulk alloys prepared by arc melting method. 
The increase of Nb element led to the crystallization of the Zr55Cu(30-X)Al10Ni5NbX amorphous alloy fabricated by melt 
spinning method. The existence of crystals with a grain size of less than 30 nm was observed for a HRTEM image of 
the Zr55Cu15Al10Ni5Nb15 alloy.The DSC curves of the melt-spun alloys with X = 10~20 at.% exhibited a thermal 
reaction correspond to the transitions of glass, supercooled liquid and crystallization. The temperature of glass 
transition (Tg) and temperature interval of supercooled liquid ('Tx = Tx-Tg) were 718~743 K and 28~33 K, 
respectively. Therefore, the melt-spun Zr55Cu(30-X)Al10Ni5NbX (X = 10~20 at.%) alloys were found to be metallic 
glasses.  
Fig. 3 shows the temperature dependence of the magnetic susceptibility for the arc-melted Zr55Cu(30-X)Al10Ni5NbX 
bulk alloys. The Tc,on and superconducting volume for the arc-melted Zr55Cu30Al10Ni5 alloy without Nb element was 
2.9 K and approximately 90 %, respectively. The Tc,on of the Zr55Cu30Al10Ni5 alloy for the SQUID measurements was 
in good agreement with the zero-resistivity temperature (Tc,zero) of 2.7 K with 'Tc of 0.1 K for resistivity measurement 
of a crystallized Zr55Cu30Al10Ni5 alloy [6]. The crystallized alloy, which was prepared from annealing of a 
Zr55Cu30Al10Ni5 bulk metallic glass, has been reported to contain phases of Zr2Cu with Tc,zero of 2.2 K and Zr2Ni with 
Tc,zero of 2.7 K. On the other hand, the multitudinous Tc was observed for the Zr55Cu(30-X)Al10Ni5NbX alloys with Nb 
element. The step of magnetic susceptibility at approximately 2.9 K was caused by superconductivity of Zr2Cu and 
Zr2Ni contained in the crystalline alloys. The Tc,on of 7.8 K for the Zr55Cu5Al10Ni5Nb25 alloy, which is (Zr,Cu,Ni)65- 
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(a)                                                                                                (b) 
Fig. 4. Temperature dependence of the magnetic susceptibility for the Zr55Cu(30-X)Al10Ni5NbX ribbon alloys fabricated by melt spinning method. 
 
 Al10Nb25 alloy, resulted from superconductivity of the Zr65Al10Nb25 alloy. Here, the data of the magnetic susceptibility 
around 4.2 K could not be obtained due to the difficulty of temperature control for the SQUID system.  
Fig. 4 shows the temperature dependence of the magnetic susceptibility for the melt-spun Zr55Cu(30-X)Al10Ni5NbX 
ribbon alloys. The Tc,on for the Zr55Cu(30-X)Al10Ni5NbX ribbon alloys increased with increasing Nb element. The single 
Tc,on for the Zr55Cu(30-X)Al10Ni5NbX (X = 10~20 at.%) alloys was attributed to superconductivity of nanocrystal 
particles for Zr2Cu or Zr2Ni undetected by XRD. The Tc,on of 4.0 K for the Zr55Cu7Al10Ni5Nb23 alloy was due to 
superconducting property of a Zr-Nb alloy. These results suggested that the addition of Nb element more than 23 at.% 
to the Zr55Cu(30-X)Al10Ni5NbX alloy results further in the crystallization of alloy and the precipitation of  
superconducting phase related to  Nb element. 
Both of arc-melted and melt-spun Zr55Cu(30-X)Al10Ni5NbX alloys showed superconductivity. The arc-melted 
Zr55Cu(30-X)Al10Ni5NbX bulk crystalline alloy exhibited the multitudinous Tc and maximum Tc,on of 10.1 K. Compared 
with the arc-melted Zr55Cu(30-X)Al10Ni5NbX full-crystalline alloys, the liquid-quenched alloys with a mixture structure 
consisting of crystal particles in the amorphous matrix exhibited superconductivity with lower Tc,on. 
4. Conclusions 
The superconducting property of Zr-Cu-Al-Ni-Nb alloys prepared by arc melting and liquid quenching methods 
was investigated by magnetic susceptibility measurements. The arc-melted Zr55Cu(30-X)Al10Ni5NbX (X = 0~25 at.%) 
bulk crystalline alloys exhibited superconductivity with maximum Tc,on of 10.1 K. The melt-spun Zr55Cu(30-
X)Al10Ni5NbX (X = 10~23 at.%) ribbon alloys showed superconductivity with Tc,on of less than 4.0 K. The 
superconducting property of the Zr-Cu-Al-Ni-Nb alloys was attributed to superconducting phases of Zr2Cu, Zr2Ni, 
Zr65Al10Nb25 and Zr-Nb contained in the Zr-Cu-Al-Ni-Nb alloys. The melt-spun Zr55Cu(30-X)Al10Ni5NbX (X = 10~20 
at.%) ribbon alloys with superconducting nanocrystals dispersed in the amorphous matrix were found to be 
superconducting metallic glasses with maximum Tc,on of 2.4 K and glass transition temperature of  718~743 K. 
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